ABSTRACT
INTRODUCTION
Debating on a work of Blanchard (2000) who asked himself a similar question: "What do we know about macroeconomics that Fisher and Wicksell did not?" inspired us in relating biofuels with two references in our field of interest. The first one is Rudolf Diesel, the famous German inventor of diesel engine. His contribution to biofuel consists of the trial of running the engine with peanut oil. He was a visionary who believed in agricultural development of countries using vegetable oils. The second one is Henry Ford, who made his Model T vehicle to run on ethanol. He believed that America could rely on this type of fuel, if some day oil would not be available anymore. His predictive belief came true when the oil crisis began.
Modern biofuels impress not only by their natural advantages but also by running well inside and outside an engine. We are able to discuss today about three generations of biofuels, divided by their degree of novelty and by their capability of being green. According to Dahiya (2015) , the first-generation biofuels is produced from oils, sugars, and starches found in food crops. The sources of the second-generation refer to nonfood crops (perennial grasses and woody materials) and nonfood portions of food crops, while the third-generation's main source is algae, followed by fast growing trees, also known as "energy crops". Biofuels are considered a type of bioenergy, which is renewable energy derived from natural sources and are defined by Food and Agriculture Organization of the United Nations (2004) as "fuel(s) produced directly or indirectly from biomass". They are also seen as solid, liquid, and gas fuels (Dahiya, 2015) . This paper makes an introduction into the biofuels' field, and tries to answer the question raised in the title "What Do We Know about Biofuels Today that Diesel and Ford Did Not?" in order to show advances within the field. Moreover, in the second part of the paper, with the aim to provide an overview for biofuels development in the last decades, the authors refer to several aspects regarding biofuels production and consumption, production costs and needed investments, the innovative capacity and the employment within the field.
THREE GENERATIONS OF BIOFUELS
The answer to our question is based on research evidence regarding different types of biofuels known today and how they run with Diesel's and Ford's engines. Biofuels differ one from another by feedstock used, costs, production process, energy density and greenhouse gases emissions. An interesting and comprehensive classification is the one dividing biofuels in three generations (Biofuel.org.uk, 2010; Naik et al. 2010 ).
We constructed Figure 1 which highlights an essential characteristic of modern biofuels from second and third generation: they are "greener" than previous ones, even if fewer, in a developing stage and less consumed. The colours within Figure 1 indicate that newer they are, greener they are. This special characteristic of modern biofuels refers to several facts. First, they do not need a large amount of feedstock from crop production, so they do not affect food supply. For instance cellulosic ethanol is extracted from agricultural waste while for obtaining ethanol, corn kernels are needed (Service, 2014) . Second, they release fewer greenhouse gas emissions when burning or none in case of biohydrogen. Third, their production does not have adverse impact on soil, water or food supply.
Figure. 1. Three Generations of Biofuels
Source: Authors after Biofuel.org.uk (2010) Within the bioalcohol category are included ethanol, propanol, butanol, while the Vegetable oil category includes castors oil, fat, olive oil, sunflower oil. Solid biofuels comprise wood, dried plants, bagasse, manure and seeds (Biofuel.org.uk, 2010) . In contrast to first generation Biogas of biofuels, which are based on sugar and starches from different crops, the second and third generations of biofuels get deeper in the plant matter composition. They look for cellulose, hemicellulose and lignin which can be converted in ethanol. These components were called "key global biomass resources" (Ragauskas et al., 2006) and scientists and researchers concentrated on discovering proper technologies that facilitate their conversion to biofuels. For instance, plant cells have a natural resistance to procedures needed for conversion, so effective measures to surpass this difficulty are needed (Himmel et al., 2007) . Advanced studies on fungi and bacteria which are able to degrade biomass and reduce its recalcitrance are major challenges (Brunecky et al., 2013; Sardesai et al., 2013; Book et al., 2014; Yokoyama et al., 2014) . They provide solutions to plant biomass deconstruction, contributing in this way to a lower cost of biofuel production. Indeed, most of biofuels are expensive to obtain. For instance, the third generation is as controversial as it can be. Even if algae based biofuels produce less greenhouse gas emissions, the production of fertilizers required for their cultivation is pollutant and exceeds the reductions provided by using them. So, while biofuel consumption is associated with reduced emissions, biofuel production incurs the so-called carbon debt (Searchinger et al., 2008; Fargione et al., 2008; Melillio et al., 2009) . There is a diversity of algae with potential for biofuel production. A preferred classification is the one of microalgae (organisms of one cell) and macroalgae (organisms of multiple cells) or seaweeds. They are both of great interest for worldwide researchers' studies and engineering strategies (Brennan & Owende, 2010; Wijffels & Barbosa, 2010; Wargacki et al., 2012) .
So, we have multiple choices for displacing petroleum fuels, but what kind of technical structures do we need? Systems which support the consumption of solid, liquid and gaseous biofuels were also developed or improved along time. The internal combustion engine of Rudolf Diesel is now designed to run with biodiesel blended with diesel. Other blends like ethanol with gasoline require several changes of the regular engine. Properties of biofuels (molecular weight, density, exergy, boiling point, carbon and sulfur content, lower heating value) are different from those of fossil fuels, affecting in a distinct way the engine's performance, materials, amount of deposits and emissions (Agarwal, 2007) .
Long term effects on the engine's performance and durability were discovered for ethanoldiesel blends (Hansen, Zhang & Lyne, 2005) , Methyl tertiary butyl ether, methanol and ethanol in gasoline (Al-Farayedhi, Al-Dawood & Gandhidasan, 2004) , n-butanol and diesel (Şahin & Aksu, 2015) and the examples could go on. These effects refer to improved characteristics of the engine, such as thermal efficiency, the brake power output and exhaust emission.
Important for the design of an engine combustor is understanding how biofuels "behave" in contact with solid surfaces (Rioboo, Marengo & Tropea, 2002; Sen, Vaikuntanathan & Sivakumar, 2014) . For instance, thorough examinations of engines parts like cylinder, piston and injector were undertaken after using in parallel biodiesel blends and diesel (Agarwal, Bijwe & Das, 2003) . Wear measurements showed better reactions of vital parts for the biodiesel-fueled system. So, it is clear that bio-origin fuels "behave" well inside the engine. We all know that they also act great outside, by being less pollutant, environment-friendly and biodegradable. Would Diesel and Ford understand why do we care about emissions? Our world is confronted with serious environmental problems and we would have to tell them about climate change (Karl & Trenberth, 2003; Alley et al., 2003) , ozone depletion (Ravishankara, Daniel & Portmann, 2009) , acid rain (Reis et al., 2012) and other environmental degradation effects which increase our society's vulnerability. We agree that technological readiness (Hoffert et al., 2002) to handle climate problems delays, even though some claim that humanity has "the fundamental scientific, technical, and industrial know-how to solve the carbon and climate problem for the next half-century" (Pacala & Socolow, 2004) .
TRACKING BIOFUELS FOR DIESEL AND FORD
In order to provide an overview for biofuels development in the last decades, we will further refer to several aspects regarding the installed capacity, biofuels consumption, production costs or needed investments, the innovative capacity (translated here as filled patents) and the employment in the field. The International Renewable Energy Agency (IRENA) presents statistical data regarding all these aspects describing the situation for biofuels. We will further show and discuss some statistics for countries around the world and peers in the industry.
Installed Capacity
Within Table 1 , one can found the values for installed capacity in MW for solid biofuels, liquid biofuels and biogas at a global level and for pioneers country in the field. 
Consumption
Ethanol, as a type of bioalcohol, has the largest consumption all over the world (see Figure 2) . Within Table 2 , one can observe two rankings, one for ethanol consumption and one for biodiesel consumption in 2017. Ranked first for both types of biofuels in USA, which is not only the largest consumer around the world, but also the largest producer (if reporting to all three types of biofules), according to Table 1 . 
Figure 2. World Consumption of Biodiesel and Ethanol in Thousands Barrels per Day
Source: Authors after Index Mundi (2018)
Figure 3. EU-28 Consumption of Liquid and Gaseous Biofuels in TOE
Source: Authors after Eurostat (2018) At the level of European Union with its current composition, a relevant increase may be observed in the biogas consumption, since 2007 till 2016. It is known that biogas is actually methane obtained from waste crop material through anaerobic digestion or bacteria (Biofuel.org.uk, 2010) . So, as a renewable energy source, biogas became a popular also sustained by different legislative frameworks. For instance in 2009 the European Biogas Association -EBA was founded with the aim to sustain the development of biogas production and use in Europe, in order to contribute to EU's primary energy mix with almost 5% till 2020 (European Biogas Association, 2013).
Costs
The wide range of technologies for renewable energy and the differences in their operation, requested a common indicator which could enable their comparison. So, the Levelised cost of electricity appeared. It is a measure depending on the specific investment cost, the operating cost of the power plant, the lifetime of the plant and financing conditions (Kost et al., 2018) . From Figure 4 , one can see that the technology for producing solar energy by concentrated solar power (CSP) has the highest investment cost, followed by offshore wind and geothermal. The offshore wind technologies are also characterized by ups and downs, while the investment costs of Solar photovoltaic installations decreased over time. As shown in Figure 5 , bioenergy (including biofuels) is similar to onshore wind and geothermal technologies, becoming the least expensive technologies around the world.
Patents
The role of patents in biofuels field innovation is a double edged sword: a measure for research output and a tool which supports the development of national policies and regulations. Patents protect valuable information for the deployment of new technologies that are to be launched on the market (IRENA, 2013).
The global overview on patents filed for biofuel technologies, at a global level is comprised in figure 6 . It shows that the number of patents for both biofuels and fuels from waste increased significantly by the end of 2016, since the first reported data in 2000. According to IRENA (2018c), from 2000 to 2013, USA registered a number of 10816 patents for biofuels, followed by China with 7915 filed patents, Canada with 3166 patents, Australia with 1961 filed patents and Brazil with 1790. So, the largest consumers in the world are in the same time the first innovators within the field. 
Employment
Liquid biofuels and solid biomass technologies are the ones requesting the highest number of jobs in 2017 from a total of 10.7 million jobs around the world (IRENA, 20018d) . Table 3 contains some examples of countries that not only contribute to the development of biofuels field but also offer a considerable number of jobs within this sector. The best "employer" for liquid biofuels industry is Brazil with jobs in sugarcane processing, in ethanol processing, in manufacturing and biodiesel. For gaseous and solid biofuels, China takes the lead in number of created jobs in 2017. Besides Brazil and USA, the European Union and Southeast Asian countries were among the largest employers, according to IRENA (2018d) while the biofuels employment is limited in Africa. The same agency estimates that around 2 million jobs were created within the last year, sustained mainly by the production of ethanol and biodiesel. Among the three reported types of biofuels, liquid biofuels provided the highest number of jobs worldwide between 2012 and 2017, as seen in Figure 7 . According to IRENA (2018d), liquid biofuels is the second type of renewable energy after solar photovoltaic providing new jobs. With a total number of 1931 thousand jobs, liquid biofuels exceeds the values registered for large hydropower -1514 thousand jobs and wind energy -1148 thousand jobs. The same agency reports that the global estimated employment receives half of the jobs from Latin America, while Asia provides 21%, North America 16% and Europe 10%.
Investments
Top recipients of public investment in 2017 in bioenergy field are: Brazil with 6.3 USD billion, United Kingdom with 1.4 USD billion, followed by Finland with 0.8 USD billion, Sweden with 0.7 USD billion and France with 0.6 USD billion (IRENA, 2018e). As seen in Figure 8 , 2010 was the peak year for public investments in bioenergy and afterwards the level of the public investments entered a downward trend. According to IRENA (2018e), the public sources provided only 10% of renewable energy investments worldwide in 2016. The initial high levels of public investments are understood as contributions of each country in order to fulfil pledges under the Paris Agreement. In the same time, those efforts were undertaken from climate change and other environmental considerations.
CONCLUSIONS
As shown in this paper, bioenergy, as an industry, with solid, liquid and gaseous type of biofuels, is responsible for creating around 3 million jobs in the last year. In the same time, it is capable of providing constant flow of electricity, as it is not dependent on weather conditions as other type of renewable energy.
Integrating biofuels into our energy supply has a triple significance. Firstly, growing crops for obtaining biofuels means a greater capacity of carbon absorption. Secondly, burning biofuels is much cleaner than burning fossil fuels. Thirdly, thanks to recent growing innovations in the field, biofuels are becoming cheaper and easier to use, so the rising oil prices and their consequences may be avoided.
All in all, biofuels are a promising solution both for growing carbon emissions and energy demands. Their story could certainly exceed Diesel's and Ford's expectations about the future of greener fuels. This future means our present, a period of serious accumulation of knowledge, involvement, more collaboration than competition and efforts in the development and use of biofuels. We wish someone will ask the question once again years from now, in a present of advanced biofuels, maybe part of a well-developed fourth generation, known by a cleaner world.
